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Dyspnea is a subjective sensation, not a physical 
sign; yet those cardiac patients who are happily 
unconscious of hyperpnea on slight effort, or on 
- conversation, or alternating with apnea, rarely 
‘escape being described as dyspneic. An athlete is 
exhilarated by the vigorous breathing evoked by 
agreeable exercise, while a much smaller increase 
in respiration, quite free from any limitation in 
depth or increase in effort of breathing, is regarded 
as an alarming shortness of breath by a patient 
whose capacity for effort has been reduced by ill 
- health. If he tires easily, stops and is aware of his 
breathing, he blames all his troubles on “shortness 
of breath,” a sensation much more palpable than 
fatigue. Since these agreeable, annoying and really 
distressing sensations shade insensibly into one 
another, and patients at times are unaware of pro- 
foundly disturbed breathing, this paper will con- 
cern itself not with definitions, but with types of 
dysfunction due to heart disease which lead sooner 
or later to an uncomfortable consciousness of 
_ breathing. The yawning or sighing which neurotics 
regard as “shortness of breath,” and the “short- 
_ ness of breath” due to a sense of inhibited or re- 
_ pressed respiration during an anginal attack are 
not associated with such dysfunctions as occur in 
u — heart disease, and will not be considered 
here. 


A. The Effect of Subnormal Circulatory Re- 
sponse to Effort. In normal men and mammals the 
_ output of blood from the chambers of the heart in- 
_ creases during periods of augmented metabolic 
_ activity, of which muscular contraction is the most 
_ powerful normal stimulant. The increase is brought 
about by dilatation of the vascular bed, which 
_ causes a rise in pressure in the systemic veins at 
_ the same time that deeper breathing, by lowering 
_ intrathoracic pressure, increases the difference in 
- pressure between these veins and the right auricle 
: and ventricle. Blood thus is returned more quickly 
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to the heart, and the higher pressure distending 
the auricles evokes, by a reflex over the vagus, a 
faster heart rate. Better filling of the ventricle 
causes an increase in stroke volume, for the energy 
liberated by the myocardial fibers in systole in- 
creases with a greater diastolic volume or fiber 
length. During vigorous exercise cardiac output 
may be tripled, but even so the muscular metab- 
olism is not complete and on resting the oxygen 
uptake is for some time more than basal. The 
extra oxygen taken up after exercise (which pays 
the “oxygen debt” incurred during the effort) is 
a measure of the inadequacy of oxidation during 
the exercise period. In anemia the oxygen trans- 
port is low even if the blood flow is normally in- 
creased; in febrile and wasting disease, during 
convalescence, in hypothyroidism, and in constitu- 
tionally unfit or sedentary flabby people the venous 
return is small, due to poor muscle tone and poor 
vascular reaction, and therefore the heart is not 
stimulated to effect a normal increase in flow. In 
heart failure the response of the heart to a rise in 
venous pressure is less than normal. In all these 
conditions there results an abnormal oxygen debt, 
and with this early muscular fatigue and slow 
recovery of the basal pulse rate, pulse pressure, 
respiratory rate and volume. Such patients are sub- 
ject to shortness of breath and palpitation on 
effort, and have an abnormal response to exercise 
tolerance tests. This sort of shortness of breath 
and poor response to the tests also occurs in 
obesity and hyperthyroidism, so that neither the 
abnormal test nor a history of quick fatigue with 
shortness of breath on effort is in any way pathog- 
nomonic of heart failure. Nevertheless, the cardiac 
patient’s disability begins with inadequate increase 
of cardiac output on effort, and this becomes more 
marked as time goes on, leading to an increase in 
blood volume in response to the same asphyxial 
stimulus which in resting people occurs at high 
altitudes or after hemorrhage. In this way inade- 
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quate circulatory response to specially heavy needs 
contributes to venous engorgement and shortness 
of breath both early and late in heart failure. 


B. The Effect of Elevated Pulmonic Venous 
Pressure. The essential feature of heart failure 
is an inability of the ventricles to receive and for- 
ward into the arteries a quantity of blood com- 
mensurate with the level of pressure in the great 
veins. Whereas in a normal heart a rise of 1 cm. 
H.O in venous pressure causes about 10% increase 
in minute flow of blood from the heart, in advanced 
failure a rise of 10 to 20 cm. barely suffices to 
force from the heart an output adequate for basal 
requirements and a stroke volume 10-40% below 
normal. When pericardial or valvular diseases in- 
terfere with ventricular filling, or when the heart 
muscle fails and systolic output decreases even 
in spite of increasing diastolic volume, venous pres- 
sure rises until it forces into the heart enough 
blood to raise minute output to about the normal 
level. This rise in venous pressure distends the 
thin-walled veins, and by enlarging their capacity 
and cross-section area leads to a reduced velocity 
of flow in the venous bed. Such a reduction in 
velocity of blood flow, measured with suitable 
methods, serves as an index of change in venous 
pressure either in the systemic or pulmonic cir- 
cuits. In the latter a rise may occur when there is 
no change in the systemic veins and it has been 
proved that the degree of failure of the left heart 
is often much greater than that of the right, or 
begins much sooner. This is to be expected since 
valve lesions are far commoner on the left, myo- 
cardial infarct more frequent, and systemic arteri- 
al hypertension occurs oftener than pulmonic. 


The rise in pulmonic venous pressure, due to left 
heart failure, and aggravated in the end by the 
increase in total blood volume, stiffens the lungs and, 
by making reabsorption of tissue fluid more difficult, 
leads to pulmonary edema. The severer forms of 
cardiac dyspnea on effort, and all dyspnea occur- 
ring in quietly resting cardiacs, are due to the in- 
crease in venous pressure needed to impose on the 
failing heart an approach to adequate output of 
blood. Dilatation of the heart and of the lung veins 
reduces the airspace in the thorax, and the en- 
gorgement and edema make the lungs stiff and 
inelastic. The loss of efficiency of the lung-ventilat- 
ing machinery can be measured by the change in 
vital capacity, that is, the volume of air which can 
be expelled by forced expiration after maximal in- 
spiration. A fall in vital capacity, like a poor re- 
sponse to exercise, can be caused not only by heart 
disease but by primary lung disease, or by skeletal 
or muscular lesions. The normal tidal air (the vol- 


ume moved at each breath) is only one-eighth o 
less of the vital capacity, and even on violent exer 
cise athletes use only about one-half their vita 
capacity. In heart failure a fall of 50% in vital ca 
pacity is associated usually with dyspnea on mod 
erate exertion, and sometimes even at rest. Th 
tidal air at such times is only one-sixth of th 
available vital capacity, and in normal people res 
piration requiring this proportion of the vital capac 
ity is usually not at all distressing. It is distressing 
to the cardiac largely because of the unusual mus 
cular effort involved, particularly in expiration. 


During inspiration the elastic fibers of the lung 
which are stretched even at full expiration, ar¢ 
put under additional tension. The negative intra 
thoracic pressure falls even lower. At the end o 
normal inspiration pressure in the thorax, becausé 
of the pull of the elastic fibers in the lung, is 8 to 
12 cm. of water less than that of the atmosphere}; 
in deep inspiration during exercise this difference 
in pressure is as much as 40 cm. H.O. Because o 
this the chest wall and diaphragm return rapidly 
and with very little muscular effort to the expira- 
tory position. With the loss of elasticity in the en- 
gorged lungs the negative pressure falls, and at the 
end of expiration the pressure in the thorax is 2-5 
cm. above instead of below atmospheric. Since en- 
ergy to effect expiration is no longer stored in the 
stretched elastic fibers by inspiration, expiration 
requires muscular effort which adds greatly to the 
work of breathing, increased already by the resis- 
tance of the boggy lungs to inspiratory filling, 
When this happens the cardiac may be painfully 
aware of respiration even though his blood flow 
is normal, his arterial blood well aerated, his rate 
and minute volume of breathing not remarkably 
high, and his tidal air only a small fraction of his 
vital capacity. He is short of breath because 
breathing itself is hard work. 


Summary: Shortness of breath on effort may be 
due to anemia, to poor muscle tone, or to heart 
failure without lung changes, Such dyspnea is due 
to inadequate oxygen supply to the muscles when 
aeration in the lungs is normal. 


Shortness of breath, on effort or at rest, may be 
due to changes in the thorax resulting from the 
high venous pressure in the lungs needed to force 
an adequate blood flow from a failing heart. In 
this case the blood flow and its aeration may be 
normal, but the muscular effort of breathing is 
excessive. 

(To be continued) 


WruiaM Dock, M.D. 
San Francisco, California 
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postpaid. Make checks payable to the American Heart Association. 
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